Considerable interest has developed in the study of the structural arrangement of human tissues by means of diffraction and more recently by means of polarized light. We have previously reported some studies on human brain and nerve tissue and related tumors, and this material will appear fully in a forthcoming issue of one of the journals of roentgenology.t In this present paper, we would like to report some of the more recent investigations carried out in our laboratory especially on the fiber arrangement of the dura and of meningioma, both by means of diffraction and polarized light.
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I. Diffraction. The diffraction method gives us a means of studying the fundamental components of structure lying far beyond the range of the microscope. The method is in very common use for many purposes. In the case of ordinary and more simple materials met in industry and in the research laboratory, it gives directly a chemical analysis and, in addition, a great deal of important information as to the size, shape, and position of-molecular components. It tells us directly whether or not the material is in a state of internal strain and whether its structure is such that it will have more markedly different physical properties in one direction than in another. The principle of the method is as follows: when a small pencil of x-radiation is passed through a sample of material containing crystalline components, eter. This beam passes T -X-ray tube; C -Collimator; S -Sam-through the sample "S"
ple; P -Photographic plate. and most of its energy passes on in a straight line to make a central spot on the photographic plate "P". A portion of the beam, however, is deflected through the angle "20" and forms the pattern which is recorded. Since the spacings of the material to give the pattern must be of about the same size as the wave length of the radiation, and since the spacings recorded on the film are measured in millimeters, it can be seen that the film is really a record of these fundamental spacings, magnified to about one million diameters. This method has also been applied to the study of biological materials of various sorts and here, due to the extremely complex nature of the material, progress has been slower and conclusions more difficult to reach. However, in a number of instances, such as the determination of the structure of the insulin molecule, the method has proved of value. There is little doubt that when coupled with other methods of investigation, such as applicable chemical procedures and the use of the polarizing microscope, much basically important information may be gained, although the process may be long and tedious.
In studying the diffraction pattern of the dura, let us consider the pattern of the normal brain tissue first. Figure 2 represents such a pattern which was made from a thin section of gray matter. The pattern shows the bands characteristic of this material under certain conditions. The radii of these circles represent a gross enlargement of the molecular spacings which gave them, although the length of the radius is a reciprocal function of the length of the spacing. Figure 3 is a diffraction pattern of a section of normal dura. Again the pattern shows molecular spacings, as before, but in this case a new element of structure is shown by the bands which are divided into sharp arcs. These bands are spacing elements of molecules which are sharply aligned in one direction, called a fiber axis, running through the specimen, and this phenomenon is called orientation. This type of molecular alignment has been shown to exist in normal biological material such as teeth, bones, and white connective tissue structures which are grown to withstand mechanical stress. In any tissue which should normally show orientation, the lack of it is definite evidence of some type of pathology. As an example of variation away from the two normal patterns just shown, Figure 4 is a diffraction pattern of a meningioma. This tumor consists at least in part of fibrous tissue, but it shows no normal orientation whatever, and the spacings of the lines which do appear show a composition consisting of elements normal to both the cerebrum and the dura. In the presence of such a mixture one naturally tries to arrive at an analysis by appropriate chemical or physical separation of components. In this case serial extractions are run with organic solvents, and the parts extracted by these solvents analyzed separately. Some progress has been made with this procedure and it is fully described in another paper.
II. Polarized Light. It was found many years ago that some biological materials, such as the myelin sheath, had birefringence and other optical properties of true crystals and hence could be studied by the polarizing microscope. Without going into a detailed description of this work, we would like to show how these two methods may be used to supplement each other.
A standard petrographic microscope is used, having its polarizer in the substage and its analyzer in the barrel. Between the objective and the analyzer the usual slot is provided for the introduction of accessory plates. The section to be used in the slide must be freshly cut of either a fresh specimen or one preserved in forma-lin. It must not be a specimen which has been heated or mounted in paraffin or celloidin, and it must not be stained. As is to be expected, examination by ordinary light in the usual manner does not reveal much detail. With the Nicols crossed, structures containing optically active elements appear brightly lighted in the dark field at certain positions of the stage, whereas optically inactive elements and fibers having their axes parallel to the axis of the optical system will remain dark. Now, if we study the dura with the polarizing microscope set in this manner, sections made parallel with the surface show planes of oriented fibers laid down at precise angles with respect to each other. Material other than dura, such as myelinated nerve fiber, is also optically active giving a somewhat similar appearance. These optically active elements show a great deal more detail if the selenite first order red plate is introduced. Thus they become characteristically colored depending upon their optical nature, the thickness of the specimen, and the position of the stage. Furthermore, some will give a characteristic color change for every 90 degrees of rotation. When examined in this way, the direction of the fiber can be determined and nodes and other structural details become remarkably clear.
In sharp contrast, the meningioma when examined in the same way shows a pattern of brightly colored fibers of irregular distribution and disarranged orientation, with the appearance of many interference colors in the same field and the same position of the stage. Figure 5 , which shows a comparison of the pattern of a normal dura, an adenoma, and two meningiomas, gives an illustration of what we may expect. Even in this gray rendition, it can be seen that while the normal structure of the dura consists of regularly organized arrangements of fibers oriented between points of stress and points of attachment, the structure of the meningioma consists of fibers in a completely disorganized tangle. The adenoma does not show any optical activity in the field represented. These four colored fields were photographed on Eastman portrait panchromatic film which gives about the same density rendition of the color values as kodachrome.
In resume, we may say that the use of the diffraction apparatus and the polarizing microscope as supplements to each other is not new, but on the other hand the work of these two instruments in the biological field is just advancing to a point where practical application seems feasible. While the fields of investigation covered by these two methods overlap, they are by no means identical. The polarizing microscope gives us information about things which are optically active, or in which optical activity can be induced. The diffraction apparatus gives us its type of information about these substances, but in addition tells us much about inactive substances, such as proteins, lipoids, etc.
While it is still too early to draw any definite conclusions, we are inclined to believe that the polarizing microscope will be a valuable aid to studies carried on by diffraction and other methods.
